



























































































































































































































































































































































































































































































































































75	 bp).	 Fastq	 files	 were	 assembled	 to	 the	MG1655	 genome	 (Genbank	 accession	 number	456 
U00096.3)	 using	 the	 Geneious	 alignment	 algorithm	 with	 default	 options	 of	 the	 software	457 













































































































































































where	 sj	 is	 the	 relative	 growth	 rate	 of	 the	 subpopulation	with	 j	 gene	 copies	 in	 the	 given	607 
environment	 (taken	 from	 Fig.	 2d),	 δjk	 a	 Kronecker	 delta	 which	 equals	 1	 if	 j=k	 and	 0	608 
otherwise.	The	equation	for	single	and	double	gene	copy	numbers	(j=1	or	j=2,	respectively)	609 
has	 an	 additional	 term	 to	 reflect	 duplication	 events.	 As	 we	 assume	 that	 the	 rate	 of	610 
recombination	 per	 copy	 is	 constant,	 the	 overall	 recombination	 is	 proportional	 to	 the	611 
number	of	gene	copies	k;	krec=k	krec0	(ref	8).	Pkj	represents	the	transition	probabilities	given	612 
an	 amplification	 event	 and	 is	 computed	 in	 the	 following	 way:	 assuming	 a	 homologous	613 
recombination	between	sister	chromosomes	occurs	somewhere	in	the	gene,	we	computed	614 










only	 in	 the	mother	cell	while	 the	daughter	 cell	 remains	unchanged.	Therefore,	we	do	not	621 
model	recombination	as	a	reciprocal	event.	622 
Based	on	platereader	bulk	experiments,	observations	indicated	an	upper	limit	for	the	copy	623 
number	 a	 cell	 can	have.	 Thus,	 in	our	model,	 a	 cell	 can	have	up	 to	M	 gene	 copies;	 if	 that	624 
number	 is	 exceeded,	 the	 cell	 stops	 dividing.	 This	 upper	 limit	 for	 gene	 copy	 number	 was	625 
confirmed	 in	microfluidics	and	qPCR	experiments,	 indicating	to	be	between	6	and	12.	Our	626 
single	cell	analysis	showed	that	M=10	is	a	good	estimate	(Fig.	S5b,	according	to	number	of	627 
states	 in	the	probability	density	function,	see	Analysis	of	the	microfluidics	data).	However,	628 
the	 results	 of	 the	 mathematical	 model	 do	 not	 depend	 on	 the	 precise	 value	 within	 the	629 
measured	range,	as	all	results	remain	qualitatively	the	same	for	any	value	in	the	range	of	6	630 

































The	 relative	 growth	 rates	 for	 each	 genotype	 (copy	 number	 state)	 in	 the	 high	 and	 low	660 






































































































































1) We	 exposed	 a	 single	 copy,	 ancestral	 population	 to	 a	 week	 of	 high	 expression	775 
environment,	 driving	 the	 population	 structure	 close	 to	 equilibrium.	 This	 mimicked	 the	776 
evolution	 of	 the	 amplified	 strain	 in	 the	 high	 expression	 environment	 such	 that	 both	777 
experimental	 and	 simulated	 population	 started	 with	 the	 same	 degree	 of	 copy	 number	778 
polymorphism.	779 
2) The	population	spent	one	day	 in	 the	 low	environment	 (for	details	on	procedure	 in	780 
each	day,	see	below).		781 










cells	 after	 each	 dilution.	 The	 exponent	 0.01	 was	 chosen	 such	 that	 g(c)	 was	 smooth	 but	788 
nearly	a	step	function.	789 
6) To	compare	the	units	of	experimental	and	simulated	data,	we	obtained	a	common	790 
reference	 point.	 We	 took	 this	 to	 be	 the	 expression	 value	 after	 one	 week	 in	 the	 high	791 
expression	environment,	when	 the	population	has	already	equilibrated.	We	aligned	 these	792 





matrix	Pkj	 (see	Eq.	1)	 in	 the	 following	way:	given	k	 copy	numbers,	 the	probability	of	going	798 
from	 k	 to	 j<k	 copy	 numbers	 equals	 j/k2,	 while	 probability	 for	 k	 to	 j>=	 equals	 (2k-j)/k2	 8.	799 
Furthermore,	we	 assumed	 that	 no	 transitions	 that	 increase	 copy	 numbers	 beyond	M	 are	800 
allowed.	We	 implemented	 this	 by	 setting	 all	 probabilities	 that	 go	 over	M	 gene	 copies	 to	801 
zero.		802 
2) Next,	 to	 update	 the	 current	 population	 structure	 following	 Eq.	 1,	 we	 used	 the	803 
current	 population	 structure,	 Nj,	 selection	 on	 the	 states	 (growth	 rates)	 in	 the	 given	804 
environment,	sj	(Fig.	2d),	transition	matrix,	Pkj	(probability	of	having	j	copies	given	k	copies),	805 
the	duplication	and	recombination	rate	(kdup	and	krec,	respectively),	and	the	dilution	factor	806 

















6) For	 each	 time	 point,	we	 computed	 expression	 as	 the	 average	 gene	 copy	 number:	820 
E=∑jwj,	where	wj	is	the	the	proportion	of	cells	with	j	gene	copies	and	sum	goes	over	all	gene	821 
copy	numbers.	822 











1),	 we	 obtained	 the	 equilibrium	 distribution	 of	 the	 population	 in	 the	 starting	834 





infinite	 population	 size	 limit	 by	 computing	 the	 eigenvector	 corresponding	 to	 the	836 








5) We	 repeated	 steps	 3-5	 until	 response	 R=M/2	 has	 been	 reached.	 The	 number	 of	845 
generations	 until	 this	 point	 represents	 the	 time	 to	 response.	We	 define	 response	 as	 the	846 
ratio	of	mean	copy	numbers	before	and	after	the	environmental	switch.	847 
























































































































































































































































































































































































-	 yes	 no	 yes	
expression	state		
genetically	heritable	









yes	 yes	 no	 yes	
suitable	for	rare	
stresses	
no	 yes	 probably	not,	due	to	
slow	reversibility	
depends	on	cost	and	
rate	
